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Anatomy of the cervical
spine: implications for the
upper limb tension test
A detailed investigation of the anatomy of the
lowercervical nerves andassociated structures
was undertaken, as these structures would
most likelybeaffectedbyanystresses generated
in the nerves of the brachial plexus during the
upper limb tension test (ULTI). Theinv8stigation
used dissection of three adult human spines
andhistological sections ofthree cervical spines.
The results support the hypothesis that the
lower cervical nerves have a specialised
anatomical arrangement which may protect
them from forces generated in the upper limb
and cervical spine by the ULIT. The fifth, sixth
and seventh cervical nerves are securely
attached to many structures as they emerge
fromthespinal cord to formthe brachial plexus.
Furthermore I theposteri0rlongitudinail igament
anchors the nerve roots to the vertebral bodies
and intervertebral discs. The results suggest
that innervated structures other than
neuromeningeal tissue may also need to be
considered when evaluating apatient'spositive
ULIT response.
[Moses AS and Carman JB: Anatomy of the
cervical spine: implications for theupperlimb
tension test. AustralianJournalofPhysiotherapy
42: 31-35]
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he upper limb tension test
(UL'IT) is a clinical test currently
used to differentiate between pain
originating from neuromeningeal
tissue and that originating from other
structures in the upper limb. The test
was originally described by Elvey
(1980) and is a combination ofpassive
shoulder girdle depression,
glenohumeral abduction posterior to
the coronal plane, forearm supination
and wrist extension. Cervical
sideflexionmay be added to the basic
test position. Neuromeningeal tissue is
implicated if there is reproduction of
the patient's symptoms once the
UL'IT position is adopted. A
reduction ofsymptoms with the
addition of ispilateral wrist flexion or
an increase in symptoms with cervical
side-flexion to the contralateral side
are further confirmation of a positive
UL'IT result.
The link between the biomechanics
of the UL'IT and the reproduction of
the patient's symptoms is unclear. It is
difficult to interpret the precise origin
of the patient's symptoms such as
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cervical spinal nerve, dura, or cords of
the brachial plexus on the basis of the
UL'IT.
The biomechanical effects of the
UL'IT on the anatomical structures in
the cervical spine have been
investigated in a number of studies.
Following his observations of cadavers
at post-mortem, Elvey (1980) claimed
that the test produces a progressively
greater tension in the peripheral nerves
which is transmitted to the cervical
nerve root sheaths. The tension in the
peripheral nerves and spinal nerves was
not measured in .thatstudy.Following
further cadaver observations (1983 and
1986), Elvey suggested that the C5 and
C6 roots of the brachial plexus are
most likely to be subjected to tensile
stresses during theUL'IT.
Selvaratnam and co-workers (1988)
investigated the strain.at the C5-T1
roots of the brachial plexus in five
post....mortem cadavers. The
movements of the UL'IT were
combined with either contralateral
cervical flexion (CLF) or ipsilateral
cervical flexion (ILF) and strain at the
C5 ,C6, C7,C8 and T1 was assessed.
The C5 root showed the greatest
difference in strain between CLF and
ILF followed by theC6,C7,C8 and T1
roots.
Ginn (1988) and Reid (1987)
investigated the tension changes in the
brachial plexus of cadavers during the
UL'IT. Buckle force transducers were
used to measure the tension changes in
-
from page 31
the cords of the brachial plexus of the
cadavers. Results showed that the
lateral cord and therefore the C5 and
C6 cervical nerves are subject to the
greatest tension during the UL'IT.
Strain in the lateral cord and the
subclavian artery during theUL'IT
was evaluated quantitatively by Wilson
et al (1994). The investigators
measured the distance between
nominated points on the lateral cord
and on the subclavian artery of two
embalmed cadavers. Strain scores were
calculated from the measurements for
each part of the of the artery. Results
showed that the UL'IT performed
withCLF produces more strain in the
lateral cord and in some parts of the
subclavian artery than with ILF. Strain
in the posterior and medial cords of
the brachial plexus was not measured.
Anatomical studies of the cervical
nerves which may aid in the
interpretation of the effects of forces
generated by the ULTT on the
cervical spine. and brachial plexus are
inconsistent. Studies do not agree on
the precise attachments of the lower
cervical nerves to their surrounding
structures. In the 1950s, Frykholm
published detailed anatomic and
histological studies of the lower
cervical vertebrae, intervertebral discs,
nerve roots, root pouches and root
sleeves (Frykholm 1951 and 1952).
Since then, only a few published
studies have specifically described the
relations of the emerging cervical
nerves to their surrounding structures
(BonneI1984, Herzberg et al 1985,
Kikuchi 1982,Kikuchi et al1981
Payne and Spillane 19"57, Sunderland
1974aand 1974b). These authors
generally agree with Frykholm's
findings on the cervical nerves, dura
and dural sleeves. The anterior root
and the posterior root of the nerve exit
the dura separately, each in a separate
sleeve of dura. The dura is covered
dorsally by thin epidural tissue which
extends out laterally to contribute to
the sheaths of the spinal nerve.
Ventrally, the dura is covered by
thicker tissue. The posterior
longitudinal ligament (PLL) has a
fascia extending laterally to attach to
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the dural root sleeves. This fascia
continues on to take part in the
formation of the sheath of the spinal
nerve.
There is further inconsistency in the
literature as to the extent to which the
cervical nerves are attached to the
intervertebral foramina and to the
neighbouring zygapophyseal joints.
Frykholm (1952) and Bonnel (1984)
state that the nerves attach by
connective tissue to the walls of the
foramina~However,Sunderland
(1974a and 1974b) claimed that there
were virtually no attachments between
the nerves and the foramina, although
anteriorly he found some exchange of
fibres between the·nerve sheath and
the "capsule ofthe neighbouring
intervertebral joint" (presumably the
uncovertebral joint), (Sunderland
1974b, p. 707).
Frykholm (1952) described a strong
attachment of the cervical nerves to
their neighbouring zygapophyseal
joints. Others have not described such
attachments at all despite their studies
being detailed investigations of the
anatomy of the cervical spine (Bonnel
1984, Hayashi etal 1977, Herzberg et
al 1985, Kikuchi 1982, Kikuchi et al
1981, Payne and Spillane 1957).
The cervical nerves are anchored to
the gutters of the transverse processes
(Bonnel 1984, Frykholm 1952,
Herzberget al1985, Kikuchi 1982,
,Kikuchi.et al1981,Sunderland 1974a
and 1974b), but not all authors agree
on the method ofattachment, or the
role of these attachments in preventing
traction to the nerve and nerve roots.
The attachments between the fifth,
sixth and seventh cervical nerves and
the transverse processes are described
by Frykholm (1952, p.16) as
"specialised ligaments",by Sunderland
(1974a,p. 757 and 1974b,p. 707) as
"fibrous slips"or "fibrous attachments"
(Sunderland 1978,p. 875) and by
Herzberg et el (1985, p.123) as
specialised "semiconic ligaments". All
three authors suggest that this
specialised attachment between the
transverse process and the cervical
nerves serves as the major anatomical
structure which prevents avulsion of
the cervical nerve roots.
AUSTRAliAN PHYSIOTHERAPY
The posterior longitudinal ligament
has a fascial extension which attaches
to the dural root pouch and continues
through the IVF to take part in the
formation of the periradicular sheath
(Frykholm 1951 and 1952, Hayashi et
al 1977, Kilmchi eta11981, Payne and
Spillane 1957,). Kilmchi (1982) found
that only the superficial (more
posterior) layer of thePLL extends
laterally as a connective tissue
membrane to envelope the nerves
where it becomes the epiradicular
sheath.
In summary, there is a degree of
variance in the literature concerning
the precise details of the attachments
of the lower cervical nerves and
particularly how substantial they are. It
is also not clear which structures in the
cervical spine may produce symptoms
when subjected to forces developed in
the upper quadrant during the ULTI.
The hypothesis that the UL'IT
selectively produces symptoms from
neuromeningeal tissue may not be
entirely accurate. To investigate the
connections of the neuromeningeal
tissue a detailed study of the anatomy
of the emerging cervical nerves and
associated nerve roots, and their
relationship to the dura, the
intervertebral foramina (IVF),
transverse processes, and thePLL was
carried out.
Method
Gross anatomy
The gross anatomical features ofthe
cervical nerves and their connections
to the surrounding structures as they
emerge from the vertebral canal and
pass laterally over the transverse
processes were studied by dissection.
The dissections were .carried out on
four sides in three embalmed cadavers
under six times and 10 times
magnification using an.Operating
Microscope (Leitz, West Germany).
Two cadavers were dissected using an
anterior approach and one cadaver was
dissected using a posterior approach.
Histology
Segments of one side of the vertebral
column from three cadavers (two
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figure 1
A horizontal histological section midway through the body of the C4 vertebra. Dorsal is to
the top, lateral is to the left. Magnification: 12.5
A group of ventral rootlets are entering their dural sleeve. The lateral extension of the
posterior longitudinal ligament (arrow) is seen attaching to the dorsal aspect of the
vertebral body of C4 and arching laterally to merge with the ventral and extreme lateral
aspect of the dural sleeve. Posteriorly, connective tissue extending from the periosteum
of the lamina blends with the dorsal aspect of the dural sleeve. The thick ligamentum
flavum blends with the lamina posteriorly.
female, 1 male, aged 69-91 years) were
prepared for histological examination.
One provided sagittal sections from
the midline to beyond the tips of the
transverse processes from C3-Tl; a
second provided horizontal sections
from C3-C7; and a third provided
horizontal sections of the nerves C4-
C7 and the related soft tissues.
Each specimen was- cut into blocks of
approximately 5 X 4 X 2 centimetres
for processing~ Specimens were
decalcified for between three and six
weeks, processed routinely for paraffin
embedding, and sectioned at 12
microns. Ten to 20 sections were
recovered from every hundred cut
serially at reasonably regular intervals
and stained with either van Gieson's
picric acid-acid fuschin stain or elastic
van Gieson's stain (Carson 1990).
An assessment of tissue shrinkage was
made by comparing the processed
tissue used in this study with 16 fresh
frozen sections of spinal cord and with
measurements in vivo of spinal cord
diameters by MRI (Sherman, Nassuax
and Citrin 1990). Anteroposterior and
transverse diameters at the C5-C7
levels of the spinal cord were used for
comparison in each case. Compared
with fresh frozen spinal cord, there was
a linear shrinkage of 9 per cent, with
MRI measurements a linear shrinkage
of 13 per cent.
A comparison between processed and
frozen sections was chosen because
morphological artifacts due to freezing
are of "minor significance" according
to Pech et al (1987, p.782). These
authors investigated volume changes,
artifacts in tissue and computed
tomography (CT) attenuation values in
frozen cadavers and animals. Results
showed that the nerves, muscles and
spinal cord retained their normal
topographic position following
freezing. It therefore seemed
appropriate to compare the processed
tissue used in this study with frozen
sections.
Figure 2
A sagittal histological section through the 4th and 5th cervical vertebral bodies and
zygapophvseaJ joints. Superior is 10 the top, dorsal is to the left. Magnification 11.5
The posterior longitudinal ligament (arrow) is seen running betvveen the posterior aspect
of the C4/5intervertebral disc and the vertebral body of C5.The dorsal root lies superior
to the ventral root and each root lies within itsolNn dural sleeve. Multiple strands of
connective tissue extending from the posterior longitudinal Ugament blend with the
anterior and inferior aspects of the ventral root. Fat and small veins fill the space in the
intervertebral foramen which is not occupied by the nerve roots.
From
Results
Gross anatomy
The course and relations of the nerves
CS, C6 andC7 were studied using
anterior, posterior and sagittal
approaches. The course and relations
of CS, C6and C7 within the IVF and
in the gutters of the cervical transverse
processes was essentially identical. As
these three nerves emerged from the
IVF, dense white fibrous tissue
connected much of their circumference
to the bony margins of their respective
IVF, including the zygapophyseal joint
capsule posteriorly. The inferior
surfaces of the nerves lacked this dense
connective tissue attachment. Only
loose connective tissue connected them
to the pedicle below and, forCS ·and
C6, to the floor of the gutter of the
transverse process.
A thick fascia, extending laterally
through the IVF from the posterior
longitudinal ligament (PLL), blended
into the epineurium of the anterior
aspects of the nerves. As the nerves
emerged from the IVF, they became
flattened anteroposteriorlyand passed
posteriorly to the vertebral artery.
Thick dense irregular connective tissue
fibres ran between the nerves find the
vertebral artery.
The vertebral artery demonstrated
the following relationship with the
nerves: On its medial side, the
vertebral artery was connected by slips
ofdense irregular connective tissue
from its adventitial coat hoth to the
cervical vertebrae C5,C6andC7,and
to the intervertebral discs between C5
andC6, and C6 andC7. On its lateral
side, connective tissue fibres ran
between the·adventitia of the artery
and the anterior surface·of the nerves
C5, C6 andC7. Pulling laterally on the
nerves caused the vertebral artery to
move laterally. Lateral displacement of
the artery appeared to be limited by
the medial attachments of the artery to
the periosteum of the C5 and C6
vertebral bodies and the intervertebral
disc of C5 M C6.
As the nervesC5 and C6 coursed
laterally in the gutter towards the
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periphery, their anterior and posterior
regions were attached to the anterior
and posterior edges of the gutters of
the transverse processes by connective
tissue bundles. These bundles were
discrete bands of dense connective
tissue. They were most prevalent at the
posterior gutter wall and thickest at the
medial end ofthe gutter. There were
only a few delicate strands of
connective tissue between the floors of
the bony gutters and· the nerves.
Histology
The histological findings in this study
demonstrate the following attachments
of the lower cervical nerves as they
emerge from·the.spinalcord and
course toward the periphery. The
ventral and dorsal root of each nerve
lies within its own dural sleeve and
pierces the dura separately. The dural
sleeves are attached to their
surrounding structures. Anteriorly,
dense connective·tissue extends from
the PLL to the anterior dura in the
AUSTRAliAN PHYSIOTHERAPY
region ofthe emergence of the roots
from their dural sleeves (Figure 1).
The connective tissue extending
laterally from the ligament consists ofa
single layer ofmembranous tissue
which attaches to the posterior aspects
of the vertebral bodies and
intervertebral discs. The lateral
extensions of the PLL sweep under the
ventral root to attach the nerve root to
the floor of the intervertebral foramen
(Figure 2). Posteriorly, connective
tissue fibres extending from the
inferior pedicle blend with the
posterior aspect of the .dura. Further
laterally, the dorsal root ganglion lies
immediately posterior· to the vertebral
artery and is firmly connected to it by
dense connective tissue irregularly
arranged. Connective tissue fibres
which are continuous with thePLL
attach to the anterior surface of the
portion of the dorsal root ganglion
which lies medial to the vertebral
artery.
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Discussion
The tissue blocks used for histology
were carefully prepared to ensure that
the nerves and their surrounding
structures were left as undisturbed as
possible. The normal relations of the
tissues within the blocks showed only
the disturbances usual in such
preparations. This could also be
confirmed by examining serial sections
from neighbouring blocks. There was
no evidence of a disruption to the
normal anatomy in any of the blocks.
Likewise the relations were not
seriously disturbed by the shrinkage
caused by histological processing. The
tissue used in this·study was fixed,
decalcified, processed and impregnated
with paraffin wax. Each of these
procedures can cause the tissue to
shrink. Itis clear that there was some
shrinkage of the soft tissues during the
processing of the tissue blocks for
histology. However, the purpose of
this study was to investigate the
topography of the cervical spine, not to
assess the amount of tissue present.
Shrinkage of about 13 per cent,as
exemplified by the shrinkage of the
spinal cord, would have little effect on
the relationship between one tissue and
another and so the observations made
of a typical cervical nerve were
considered valid.
This study showed that the lower
cervical nerves have a significant
attachment to the walls of the IVF.
Posteriorly, at the medial end of the
foramina, the nerves attach to the
periosteum of the inferior pedicles,
and, by dense connective tissue, to the
capsules of the zygapophyseal joints.
Anteriorly, the nerves are attached to
the vertebral bodies and intervertebral
discs by the lateral extension of the
PLL. Although individual anatomical
variation is recognised, and the study
used a small sample size, no variation
in the cervical anatomy between
specimens was observed. The findings
are unlikely to be the result of
anatomical anomalies.
The considerable attachment of the
lower cervical nerves to their
surrounding structures suggests that
pain produced during an ULTT is
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unlikely to originate. solely from
neuromeningeal tissue. Many of the
structures to which the lower cervical
nerves are attached are innervated.
The sinuvertebral nerve is a mixed
nerve that is formed from.a somatic
root from a ventral ramus and an
autonomic root from a grey ramus
communicantes {Bogduk 1985). The
sinuvertebral nerve supplies the
intervertebral discs, PLL and the
periosteum of the ventrolateral spinal
canal. The zygapophyseal joints receive
the medial branch of a cervical dorsal
ramus (Bogduk 1985). These
innervated structures may also need to
be considered inpatients with a
positive ULTT response. The
attachments of the lower cervical
nerves warrant further biomecharucal
investigation.
Conclusion
The anatomical findings of this study
suggest that the nerves of the lower
cervicalspine have numerous
attachments to innervated structures in
their course from the spinal cord to the
periphery. The clinical implication is
that these structures, like
neuromeningealtissue, may become
stressed during the ULTT.
Neuromeningeal tissue alone may not
be the cause of a positiveULTT
response. The attachments oEthe
lower cervical nerves require further
biomechanical investigation before the
effects ofthe ULTTcan be fully
understood.
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